INTRODUCTION
Periodontitis is a complex disease entity with a layered and multifactorial aetiol ogy. [1] [2] [3] The causative agents implicated in the disease are often not enough to cause the common clinical scenario of inflammation, bleeding and ultimately, attachment loss (AL). 4, 5 This observation has led researchers to search for risk factors that differentiate those affected from those spared.
Risk is the 'possibility of injury', or the likelihood of developing a condition or health change over a time period. 6 An 1. Identify potential factors with a biologically plausible aetiology that exhibit a statistically signifi cant OR in cross-sectional analysis 11, 12 2. Demonstrate through multivariate testing that the putative risk factor retains this significance when con founded by other known infl uences 3. The model should be assessed and corroborated by other studies, with the results reflecting the expectations 4. Targeted treatment addressing the factor in question should lead to a reduction in incidence of the associ ated disease.
The first hurdle in establishing an association between an exposure and a disease is to express the relationship between the two in numerical form, with a statistic that can be interpreted. Odds ratio is an example of such an expres sion ( Fig. 1) . 13 Following an investigation, those fac tors with a significant association with periodontitis, despite the presence of confounding factors, require a targeted treatment phase to allow their status as true risk factors to be confi rmed. Only three such factors have been qualifi ed in this manner: specific plaque bacte ria, smoking and poorly controlled dia betes. 10 This paper reviews the evidence regarding putative periodontal risk fac tors and how it should dictate the treat ment of this pathological process. Odds ratios from published clinical trials are included as evidence, having been selected from a PubMed search engine with preference having been given to articles of a multifactorial nature. All claims were validated through analysis of the odds ratios and their correspond ing confi dence intervals.
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RISK FACTORS IMPLICATED IN PERIODONTAL DISEASE

Socio-demographic factors
Age
Age lacks any proven physiological impact that links it to periodontitis. In 1993, Pfeilschifter suggested that older individuals suffer bone loss (BL) as a result of down-regulation of osteoblasts and mitogens in repair. 14 Strictly speak ing, periodontal disease is ubiquitous amongst older age groups. Periodontitis progresses discontinuously throughout life and the prevalence in cross-sectional studies in advanced age has more to do with a lifetime of AL than any increased incidence in the elderly. 5, 15, 16 Nonetheless, in cross section, it is clear that older age groups (65+ years) have increased AL, multivariate studies having demonstrated ORs for AL as high as 9.01 (95% CI: 5.86 13.89), constituting the most signifi cant risk indicator in periodontal disease. 17 It is recognised as a product of disease expe rience throughout life rather than some thing intrinsic with being older. 18 With all studies unanimous that with increased age comes increased disease, older age groups will exhibit more periodontal destruction practically every time.
Gender
In a case-control environment, gender seemingly exhibits a predictable infl u ence on the prevalence of periodontitis. This influence, however, is confounded by factors such as smoking, supporting the view that this predisposition of males is primarily behavioural in nature. 19 Two possibilities have been suggested by Grossi in 1995 as to why males are more predisposed to AL (OR 1.36, 95% CI: 1.06-1.76). Being male may have some physiological impacts on periodontal health, or may exert influence on oral health via a stereotypically blasé attitude towards oral hygiene, with a decreased likelihood to seek dental care. 17 Horn ing's study in 1992 found similar results, reporting males to have increased risk of moderate or advanced periodontitis (OR 1.78, 95% CI: 1.42-2.46). 20 Male gender deserves consideration in a risk model for periodontal disease, the effects of which must be addressed through behaviour modifi cation.
Socioeconomic Status (SES)/Education
Indices for assessing SES have been used, ranging from income level to education level. 8, 17 All factors show a positive cor relation, with periodontal disease preva lence attributed to a 'differential access to resources and opportunities that may influence preventive behaviours', with OR as high as 3.10 (95% CI: 1.64-6.03), indi cating a statistically signifi cant divide between those that have attended some 3rd level education and those who have not. 15, 21 Other multivariate clinical anal yses have put the OR even higher, though it is perhaps difficult to completely sepa rate SES from other, more physiological variables. 22 Socioeconomic status may represent a measure of personal drive and motivation, and may impact on the quality of oral hygiene habits, and as such represents a valid risk indicator.
Ethnicity
Studies have observed a correlation between race and periodontitis. Odds ratios with Caucasians have placed oth ers (Pacific Islanders, Native Americans, Asians) at an increased risk of AL (OR 1.72, 95% CI: 1.26-2.35) and bone loss (BL, OR 2.4, 95% CI: 1.21-1.79). 17, 20 Periodonti tis appears to affect other ethnicities even if living in Europe or USA and even across socioeconomic divisions, though some amount of compounding is likely to be present in the implicated factors. 21 Despite the excuses given, a risk of increased per iodontitis exists for these ethnicities.
Hereditary or acquired conditions
Diabetes
The reduced function of the polymor phonuclear leukocyte in diabetes is thought to contribute to the increased prevalence of periodontal disease. This dysfunction in chemotaxis, adherence and phagocytosis is thought to be fun damental in the host's predisposition to periodontal infection. 23 In addition, the formation of advanced glycosylation end-products (AGEs, Fig. 2 ) is thought to be the source of many diabetic com plications via impaired collagen produc tion and metabolism. Non-enzymatic glycosylation of numerous body proteins In order to compare the outcomes in each group, these two odds are expressed as a ratio:
This odds ratio (OR) can range from 0 to Infinity.
An OR > 1 implies that an exposure is more likely in Group A. The disease status of those in Group A can be said to be positively correlated with the exposure being investigated.
An OR < 1 implies that exposure is less likely in Group A. The disease status of those in Group A can be said to be negatively correlated with the exposure under investigation.
Where an OR ≈ 1, it implies that exposure is equally likely in both Groups A and B. The disease status under investigation cannot be correlated with the exposure in question. 24 Long recognised as a risk factor, the evidence has shown that uncon trolled diabetes strongly correlates with increased BL. [25] [26] [27] Studies have also shown that infections observed in peri odontitis can lead to insulin resistance and poor diabetic control. 28, 29 Interpreting the signifi cance of dia betes in multivariate models is diffi cult because very high numbers of individuals in a sample population would be needed to allow interpretation on a broader perspective. 16 When controlled for con founding factors in one such study, how ever, diabetes was correlated with AL at an OR of 2.32 (95% CI: 1.17-4.60), mak ing it the only systemic disease with a positive correlation. 30 The implication is that when diabetes is poorly controlled, the improvement is less marked for ini tially deep pockets. Where control of the condition is established, the clinical out come is similar to that of non-diabetics. 31 The evidence thus suggests that control ling this condition can be the decisive factor in the effectiveness of surgical and non-surgical treatment.
Cardiovascular disease (CVD)
Studies have examined the relationship between CVD and periodontitis. Sugges tions that angina pectoris predisposes a person to periodontal disease are equiv ocal. Angina appeared to exhibit some influence in isolation. However, when controlled with other factors such as smoking and age, the effect was deemed insignifi cant. 30 The converse is also pro posed, periodontitis having been thought to influence CVD. It is proposed that a common hyperinfl ammatory monocyte phenotype may be implicated in both, making periodontitis an indicator, rather than cause, of CVD. 32 
Obesity
Studies have looked at the interaction between obesity and periodontal disease. Al-Zahrani in 2003 demonstrated that a BMI >30 kg/m 2 predisposes a person have found consistent. 33, 34 Young people especially were implicated having a high waist circumference carried with it an OR of 2.27 (95% CI: 1.480 to 3.487). 33 Although the physiology remains unclear, the relationship between the conditions is strong, and deserves con sideration as part of the risk model.
HIV/immunesuppression
Recent literature has questioned the link between HIV and progression of periodontitis, which hitherto has been accepted. 35 Some have claimed that highly-active anti-retroviral therapy has limited periodontal disease progres sion in HIV-positive patients. 36 Studies revealing no difference in periodontal status between HIV-seropositive and HIV-seronegative refute this, conclud ing that the 'extent and severity of periodontal disease among HIV-infected individuals may be less than hitherto thought.' 37 Treatment with HAART has indicated that seropositivity with HIV doesn't in itself constitute a serious risk of periodontal disease.
Osteoporosis/osteopaenia
Individual reports have confl icted regard ing the association between osteoporo sis and periodontitis. Both conditions significant association between the dis eases, whereas others have failed to fi nd any interaction. 38, 39 Studied almost exclu sively in elderly women, the association has proven weak.
Behavioural factors
Smoking
The deleterious effects of smoking on periodontal health have been well-docu mented since 1947, when increased prev alence of acute necrotising ulcerative gingivitis was noted. 40 The synergy of toxic effects on immune cell chemotaxis, disruption of the aerobic fl ora, inhibition of osteoblasts and vasoconstriction of gingival blood vessels favours severe AL and alveolar BL. 30, 41 With ORs for AL in the multivariate model for light smok ers comparable to those for uncontrolled diabetes (OR 2.05, 95% CI: 1.47-2.87), the correlation is ubiquitous in the lit erature. 30 Increased smoking pack years demonstrate a dose-response effect, resulting in OR for heavy smokers of 4.75 for AL (95% CI: 3.28-6.91). 30 Less bleed ing on probing is observed, misleading the clinical picture with regard to deep pockets and bony defects. 42 Smoking is also a cause of impaired healing after periodontal treatment. Impaired pocket BRITISH DENTAL JOURNAL VOLUME 205 NO. 3 AUG 9 2008 133
Fig. 2 Cycle of periodontal destruction in diabetes 24
TNF-alpha = Tumour Necrosis Factor-alpha, IL-1 = Interleukin-1, AGE = Advanced Glycosylation End Products Summary -A hyperglycaemic environment will lead to uncontrolled glycosylation of blood proteins, including collagen and haemoglobin. Hyper-reactive Glycated proteins (AGEs) of the immune system are prone to oversecrete inflammatory mediators in response to periodontal pathogens, putting the host at an increased risk of oxidant-stress-related periodontal attachment loss. With progressive attachment loss comes a greater propensity for infection of the periodontium, which can lead to insulin resistance through dysregulation of diabetic control hormones.
reduction in non-surgical treatment stems oral hygiene. 50 Subjects demonstrating bacteraemia. The evidence suggesting from reduced recession of the gingiva in poor coping behaviour under fi nancial that periodontitis with mastication alone the absence of oedema. This difference averages 0.5 mm between smokers and non-smokers. Post-surgery, fl ap revas cularisation is affected by nicotine and smoke. 43 With every study stacking their evidence firmly in one camp, the estab lishment of smoking as one of the few true risk factors is without contention. Aggregatibacter. actinomycetemcomitans is also implicated. 21 The bacteria are present before the disease onset, and increased numbers are correlated with its progression, if untreated. 45 Possibly more significant than the actual colonisation is that a high load of these organisms increases the likelihood of deep pocket ing. 46 Reduction of load in affected sites leads to attachment gain, whereas pro gression was noted in sites with residual colonies. 47 Such studies have formed the basis of modern treatments aimed at plaque control. If proper hygiene is instituted and bacterial load kept low, disease progression can be minimised. Many putative risk factors have been explored and expressed as a function of oral hygiene and plaque control, under scoring the importance of these agents.
Periodontal risk factors
Specific bacteria in subgingival plaque
Crowding
It has been theorised that malocclu sion and crowding offers an environ ment that favours plaque accumulation, representing a periodontal disease risk. Several studies, using various indices to quantify this parameter, have failed to report any such association.
48,49
Psychological and cognitive factors
Stress
Stress is thought to manifest in the peri odontium through behavioural changes, such as increased smoking and poorer strain exhibited more AL (OR 2.24, 95% CI: 1.15-4.38) than those better able to cope, even after these were control led. 51 Job stress and health stress were also found to be signifi cant variables. 52 Stress levels warrant inclusion in the risk model, though the cause and effect relationship needs to be clarifi ed.
Bruxism
Evidence that dynamic occlusal inter ferences influence AL has been reported, though the influence is regarded as weak. 53 Other studies have demonstrated the mutually exclusive clinical pictures of the two conditions. 54 The relation ship between the two conditions should therefore be considered weak.
Host defence factors
Interleukin-1, Fcγ, vitamin-D receptor
It is largely accepted that periodontitis is heavily influenced by host genetic deter minants. 4 Gene polymorphisms express ing the basic aspects of the immune response, such as IL-1, Fcγ and vit-D receptors, may be implicated. Studies on the genes themselves have proven shallow because of a lack of adjust ment for important co-variables and the need for larger samples. Other risk assessments have neglected this crucial intrinsic aspect of the pathogenesis of periodontitis.
21,55
PERIODONTITIS -RISK FACTOR FOR SYSTEMIC DISEASES?
Where a patient's entire dentition (28 teeth) is affected by periodontitis, the subgingival surface area exposed to bac terial endotoxins has been likened to the entire inner surface of one's forearm. 56 Such a potential focus of infection has justifiably raised concern over the pos sibility of systemic manifestations.
Infective endocarditis (IE)
Oral streptococci, particularly Strep tococcus sanguis, are among the most common bacteria isolated from the blood of patients affected by Subacute IE fol lowing dental extractions and other procedures. 57 This has led to the adop tion of prophylactic measures to prevent can produce sufficient bacteraemia to cause an endocarditis is equivocal. 58 The consensus is that the majority of bacte rial infections of prosthetic devices are of non-oral origin. 59 
Coronary Heart Disease (CHD)
Periodontitis and CHD may share a com mon aetiological pathway in the form of a hyperinflammatory monocyte phe notype that may account for an over expression of infl ammatory cytokines such as interleukin-1β, tumour-necro sis factor-α and prostaglandin E 2 in both conditions. 60 Streptococcus sanguis may also play a thrombogenetic role by way of causing accelerated plate let aggregation in response. 61 Animal studies have been suggestive of such a relationship.
Diabetes mellitus
Largely accepted as a risk factor for peri odontal disease, the idea is recent that diabetes may be complicated by perio dontal infection. A mechanism explain ing the physiological interaction between the two conditions involves an increase in glycated haemoglobin (accepted as the cause of many diabetic complications) in periodontal infection. 62 Heightened immune reactivity, possibly spawned from a periodontal bacterial load, can lead to a predictably worsened diabetic state, such as overt nephropathy or end stage renal disease. 63 Early reports have indicated that treatment of chronic peri odontitis may reduce the need for sup plemental insulin therapy, supporting the theory that periodontitis and diabe tes interact in a cyclical pattern, rather than the former simply being an effect of the latter.
64,65
Pregnancy complications
Speculation has led to the investigation of the effects of infection in pregnancy. It was suggested that infl ammatory mediators normally involved in child birth that are systemically raised due to periodontal infection (prostaglandin E 2 and tumour necrosis factor-α) may induce labour. 66 Studies have correlated mothers of premature low birth weight infants as having more AL. 67 
Respiratory diseases
Respiratory pathogens are cultivated in the oral cavity, particularly follow ing antibiotic therapy. 68 Dental plaque in patients with poor oral hygiene may act as a reservoir for respiratory patho gens. 69 The direct relationship between the two diseases has to be explored with respect to confounding factors. The plau sibility of such a relationship is largely theoretical.
Osteonecrosis
Periodontal pathogens may create an anaerobic environment that facilitates the onset of osteochemonecrosis in individuals receiving bisphosphonate treatment (for osteoporosis or neoplas tic bony metastasis), with some 84% of cases reporting comorbidity with peri odontal disease. 70 The role of periodontal infection on a previously sterile osteora dionecrosis has been described as con tributory. 71 With the hypocellularity and hypovascularity of the post-irradiation mandible, it seems likely that chronic infections in the periodontium and trauma during periodontal therapy may precipitate non-healing bony exposures. The studies highlight the necessity for pretreatment planning for teeth of poor prognosis. Further data are needed to quantify these risks.
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DISCUSSION
There are many factors thought to infl u ence the incidence and progression of periodontal disease. The testing process is rigorous and comprehensive. Few fac tors have been unequivocally confi rmed as true risk factors, though many more are known to exert some effect. It is in combination, building a profile of an individual, that one is able to evaluate a patient using a risk model.
Reviewing the literature establishes some factors as more likely risk pre dictors than others. Male patients with advanced age, lower SES and Asian, Pacific Island or Native American eth nicity are accepted as carrying a higher risk than a young, affl uent, Caucasian female. A genetic component is accepted, though initial studies have proven inconclusive. Modifiable factors known to contribute include diseases, such as diabetes and obesity, behaviours such as smoking, and cognitive factors such as poor coping behaviour. The disease is highly dependent on several micro organisms in both incidence and pro gression. With this in mind, the profi le of a subject who would be most at risk of periodontitis (AL) is outlined ( Table  1 ). The OR of periodontitis for a person exhibiting all the above factors would naturally be compounded. Factors such as smoking, poor glycaemic control and poor oral hygiene account for a signifi cant portion of this risk, and constitute the most modifiable and treatable por tion of the risk profile. Smoking cessa tion, control of the diabetic state and the introduction of a proper hygiene regi ment may minimise the effects of these considerable risks.
The suggestions of a causative role for periodontal infection in several sys temic diseases are interesting and ever evolving. Many plausible pathways exist implicating periodontitis in the causation and/or exacerbation of infective endo carditis, coronary heart disease, diabetes mellitus, respiratory diseases, pregnancy complications or osteonecrosis, in some cases compellingly so. The lack of sig nificant data expressing these risks in multivariate studies makes it diffi cult to concur with the conclusions of those investigations, but nonetheless raises interesting possibilities about the impor tance of good preventive dental care.
Additional investigation is advised to elucidate the relationships of these fac tors with periodontitis. The literature reviewed was almost exclusively cross sectional in nature. To further evaluate risk factors, studies need to be more pro spective and longitudinal in form. The information gathered tended towards coincidental observations of disease and risk factor. Judgements regarding causa tion or contribution, without follow up examinations, would be misguided. An unfortunate limitation of having a large sample group is that recall and re-evalu ation becomes problematic.
In the study of this disease, odds ratio helps to standardise risk assessment, allowing factors to be easily compared using a standardised numerical index. The benefits are irrefutable. Where the technique falls short is in the inconsist ency of classification of 'cases' versus 'non-cases' of periodontitis. This binary system leaves little room for wider inter pretation. Clinically, however, such a judgement is unavoidable. We thus sup port the view that criteria for a 'peri odontitis case', as well as for 'disease progression' would enable clearer com parison of the examined risk indicators, with aspirations to further elucidate the extent of these influences. A mechanism would be to implement a 'scoring sys tem' for periodontal risk factors. Below is our suggestion: Use of this mnemonic would make it easy for clinicians to summarise an individual's risk as a sum of their demography and clinical parameters, with a maximal risk score of 19 indi cating an individual of maximal risk. This would allow clinicians to quickly and non-invasively identify those at risk, and if necessary recommend sup portive or preventive therapies. 73 Given that those who fit into more categories will be much more likely to experience the disease symptoms, there would be no harm in pursuing a policy of aggres sive prevention for those fi tting into a 'special risk' status. The benefi ts of early treatment of periodontal disease could not only reduce the need for inva sive surgical or non-surgical periodon tal treatment (in itself a worthwhile achievement), but could in doing so reduce the risk of various other systemic complication to which a periodontal disease sufferer would otherwise be pre disposed. Given that the scale was pro duced as a product of literature review rather than clinical sampling, it would be recommended to validate the scale using a clinical trial. Cross-sectional study may reveal where on the 19 point risk scale the 'special risk' status may be suitably gauged.
